Triterpene glycosides are characteristic metabolites of sea cucumbers (Holothurioidea, Echinodermata). The majority of the glycosides belong to the holostane type {lanostane derivatives with an 18(20)-lactone}. Carbohydrate chains of these glycosides contain xylose, glucose, quinovose, 3-O-methylglucose, and, rarely, 3-O-methylxylose, 3-O-methylglucuronic acid, 3-O-methylquinovose, and 6-O-acetyl-glucose. The glycosides are specific for genera, groups of genera and even for species. The advantages and problems in the use of triterpene glycosides as taxonomic markers in the systematics of sea cucumbers are discussed. However, the residues of 3-O-methyl-D-xylose, 3-O-methyl-Dquinovose, 3-O-methyl-D-glucuronic acid, and 6-O-acetyl-Dglucose were sometimes also found in these compounds [3] [4] [5] [6] . Therefore, the glycosides may be distinguished by the number of monosaccharides, their sequence, number and positions of sulfate groups in carbohydrate moieties, as well as number and positions of double bonds, and hydroxyl, acetate and keto-groups in the aglycones. Such plasticity in a series of independent characters of a stable general structural plan makes glycosides a good taxonomic character for sea cucumbers. Moreover, the presence of so-called non-holostane aglycones provides additional structure diversity in this group of secondary metabolites. The level of taxonomic specificity of triterpene glycosides may be different in different taxa of sea cucumbers. The glycosidic structures may be specific for one genus and groups of genera of sea cucumbers belonging to the Sc. degree in biology, biochemistry in 1998; title of dissertation "Triterpene glycosides from the sea cucumbers (Holothurioidea, Echinodermata) -structure, taxonomical distribution, evolution". Scientific interests in chemistry, chemotaxonomy, evolution and biological activities of sea cucumber triterpene glycosides. Author and co-author of more than 60 scientific articles; monograph; 5 patents.
In 1973 and 1975, G.B. Elyakov et al. published the results of chromatographic studies of triterpene glycosides of more than 40 species of sea cucumbers, collected in different regions of the IndoWest Pacific and Caribbean, belonging to the families Holothuriidae and Stichopodidae of the order Aspidochirotida [1, 2] . They found that the main components of the glycosidic fractions are similar within genera and groups of genera of sea cucumbers. Subsequent studies of the triterpene glycoside structures confirmed this conclusion. However, the residues of 3-O-methyl-D-xylose, 3-O-methyl-Dquinovose, 3-O-methyl-D-glucuronic acid, and 6-O-acetyl-Dglucose were sometimes also found in these compounds [3] [4] [5] [6] . Therefore, the glycosides may be distinguished by the number of monosaccharides, their sequence, number and positions of sulfate groups in carbohydrate moieties, as well as number and positions of double bonds, and hydroxyl, acetate and keto-groups in the aglycones. Such plasticity in a series of independent characters of a stable general structural plan makes glycosides a good taxonomic character for sea cucumbers. Moreover, the presence of so-called non-holostane aglycones provides additional structure diversity in this group of secondary metabolites. The level of taxonomic specificity of triterpene glycosides may be different in different taxa of sea cucumbers. The glycosidic structures may be specific for one genus and groups of genera of sea cucumbers belonging to the families Stichopodiidae and Holothuriidae [7, 8] . However, the sets of glycosides are specific for each species of the genus Cucumaria, which belongs to another family and order, namely to the family Cucumariidae and order Dendrochirotida [9] . Until now, glycosides have been found in all the orders of the class Holothurioidea: Aspidochirotida, Dendrochirotida, Apodida, Molpadiidae [3, 10] and recently in Elasipodida (Figure 2 ) [11] . Hence, their presence is characteristic for the entire class Holothurioidea.
A biological role for triterpene glycosides in sea cucumbers consists of their inhibition of oocyte maturation in order to synchronize the processes of gametogenesis. Another biological function of the glycosides proved to be the provision of protection of the sea cucumbers against predators and parasites because of their strong membranolytic properties [12] . The general trends of aglycone evolution in the class Holothurioidea are: transition from lanostane derivatives without a lactone to substances having an 18(16)-lactone, followed by a transition to holostane derivatives having an 18(20)-lactone; from substances with a 7(8)-double bond and 16-keto group to substances oxidized at either C-22 or C-23 and without an oxygen functional group at C-16; from substances with a 9(11)-double bond and 16-keto group to substances without an oxygen functional group to substances without an oxygen functional group at C-16 and having a 12α-hydroxyl group; and from low oxidized substances to more oxidized ones ( Figure 3 ) [13] .
The general trends in the evolution of carbohydrate chains seem to us to be the transition from non-sulfated branched pentaosides and hexaosides to those sulfated at C-4 of the first xylose residue of linear tetraosides and biosides; and from carbohydrate chains sulfated at C-6 of glucose and 3-O-methylglucose residues to those sulfated at C-4 of the first xylose residue of tetraosides and pentaosides (Figure 4-7 ) [14] [15] [16] . These evolutionary transformations are connected mainly with their biological functions.
The motivational forces of the evolution include an increase of membranolytic action (toxicity), increase of hydrophylicity (increase of transport properties), optimization of biosynthesis, decrease in metabolic cost, and blocking harmful transformations that decrease activity [16] . The trend of evolution from non-sulfated hexaosides to sulfated tetraosides was confirmed recently by phylogenetic analysis using 16s ribosomal RNA and cytochrome oxidase (Cox-1) and comparison with the data on structures of triterpene glycosides from sea cucumbers belonging to the family Holothuriidae [17] . (5) to those sulfated at the first xylose residue of tetraosides (6) and to sulfated biosides (7). Data concerning chemical structures and taxonomical distribution of triterpene glycosides were used for resolving several problems in the taxonomy of sea cucumbers.
It was found that sea cucumbers belonging to the genus Bohadschia (except B. graeffei) contain non-sulfated glycosides that are predominately hexaosides without a 17-hydroxy group in aglycone moieties, such as bivittoside D (5) ( Figure 5 ). Sulfated tetraosides are more characteristic of the genera Holothuria and Actinopyga. Nevertheless Bohadschia graeffei contains sulfated tetrasodies such as holothurine A 2 (6) (echinoside A) ( Figure 5 ). After careful analysis of all morphological characters and the data concerning triterpene glycosides B. graeffei was separated to a new genus Pearsonothuria Levin [7] . The early conclusions concerning the necessity of separating Apostichopus japonicus and Parastichopus californicus from the genus Stichopus were confirmed by comparison of morphological features and triterpene glycoside structures for these species and S. chloronotus (type species of the genus Stichopus) (Figure 8 ) [8] .
The conclusion concerning taxonomical closeness of these North Pacific stichopodids was independently confirmed by comparative analysis of COI mitochondrial and 16S mitohondrial DNA [18] . Unfortunately, the absence of chemical data concerning Parastichopus tremulus (type species of the genus Parastichopus) did not allow completion of the taxonomical revision.
Almost all sea cucumbers of the family Stichopodidae contain nonsulfated hexaosides as major components of their glycoside fractions. Nevertheless, the New Zealand sea cucumber Stichopus mollis contains the sulfated tetraoside neothyonidioside (14) as its major triterpene glycoside ( Figure 9 ). Comparison of chemical data and morphological characters of S. mollis and other representatives of the family Stichopodidae led to the separation of this sea cucumber to a new genus, Australostichopus Levin [19] . The isolated position of A. mollis and validity of the revision were independently confirmed by comparative analysis of COI and 16S-mitochondrial DNA. The COI data revealed that A. mollis is a sister group to Apostichopus japonicus and P. californicus [18] . This also correlated with the chemical data because of the identity of the aglycones of holotoxin A 1 (13) from A. japonicus, P. californicus [8] and P. parvimensis [20] , and the aglycone of neothyonidioside (14) from Australostichopus mollis [19] .
Many sea cucumbers belonging to the genus Cucumaria have similar exterior and morphological features. Indeed, even recently C. japonica from the Sea of Japan and the southern part of the Sea of Okhotsk was frequently noted as a subspecies of C. frondosa from the Northern Atlantic [21] . However, Levin and Stepanov showed that C. japonica is a complex of several twin-species, very similar in morphological features. Study of six species of the genus Cucumaria (C. japonica, C. frondosa, C. miniata, C. koraensis, C. conicospermium, C. okhotensis) showed that each contains a specific set of glycosides having, as a rule, similar types of carbohydrate chains (Figure 10 ), but different aglycone structures. The newly described twin-species, such as C. conicospermium and C. okhotensis, differ from each other and C. japonica in the composition of their glycoside fractions. All representatives of the genus Cucumaria that have been studied contain glycosides with a trisulfated branched pentaoside carbohydrate chain (Figure 10 ). Hence the presence of this carbohydrate chain in the glycosides is a taxonomical character of the genus [9] .A series of sulfated triterpene tetraosides was isolated from the Antarctic sea cucumber Staurocucumis liouvillei (family Cucumariidae, order Dendrochirotida) as major components of the glycosidic fraction. This confirmed the separation of the genus Staurocucumis from the genus Cucumaria. Moreover, four of these glycosides, namely liouvilloside A 2 , A 3 , A 4 and A 5 , contain a terminal 3-O-methyl-Dquinovose that is extremely rare in carbohydrate chains of triterpene glycosides from sea cucumbers. The similar glycoside, turquetoside A (15) having the same terminal monosaccharide residue was isolated from the congeneric species Staurocucumis turqueti ( Figure  11 ). Hence the presence of a terminal 3-O-methyl-quinovose in triterpene glycosides is a taxonomical character of the genus Staurocucumis [4] . (14) from Australostichopus (=Stichopus) mollis containing a sulfate group that is not characteristic of glycosides from all other sea cucumbers that have been studied belonging to the family Stichopodidae.
Thus, the structure of triterpene glycosides is a reliable characteristic that allows resolution of some taxonomical problems of the class. The reliability is caused by the independent control of different structural features of the glycosides by a complex of genes that are absolutely independent from each other. The examples of successful resolution of taxonomical problems mentioned above also include separation of Bohadschia graeffei into a new genus Pearsonothuria; separation of Stichopus mollis into a new genus Australostichopus; confirmation of the separation of Stichopus japonicus from the genus Stichopus and demonstration of its The main problem in the use of triterpene glycosides for taxonomical purposes is their parallel evolution in different taxa of sea cucumbers that may lead to similarity of glycoside structures in distant taxa [22] . It may (fortunately relatively rarely) result even in full concurrence of the structures. The most striking example of such parallelisms is the finding in Pseudocolochirus violaceus (Cucumariidae, Dendrochirotida) of a series of glycosides characteristic of different genera of this family (four glycosides) and even two glycosides found in Holothuria forskalii (family Holothuriidae, order Aspidochirotida) [23] . The parallel evolution may also result in overlapping of characteristic glycosides (minor components of glycosidic fractions) in related taxa, such as the finding of bivittoside D, which is characteristic for species of the genus Bohadschia (family Holothuriidae, order Aspidochirotida), in Apostichopus japonicus (family Stichopodidae, order Aspidochirotida) [24] . Figure 12 ) [25, 26] . Partial isolation of such different components from different samples of the same species may cause incorrect taxonomical conclusions (wrong finding of "new" species). There are also seasonal variations in the content of different components of the glycosidic fractions that also may cause incorrect taxonomical conclusions. Hence it is necessary to be very careful in taxonomic interpretation of data concerning triterpene glycosides. All the taxonomic conclusions should be based on a complex of chemical, morphological and molecularbiological data.
There is a specific problem that has no direct relation to science, a pollution of information by some articles with wrong taxonomical identification. For example, a sensational finding of sulfated tetraosides as the main glycosides in Bohadschia marmorata [28, 29] , a species studied earlier from different regions of the IndoPacific [1, 30] , that actually has non-sulfated hexaosides as the major components of its glycosidic fraction, may be caused by incorrect taxonomical identification. The clearest case of this is a description of glycosides from Holothuria grisea, a species endemic to the Caribbean and adjacent regions of the Atlantic, but reported as collected in the South China Sea [31] . It is possible that the authors obtained this sea cucumber from the market as dry material because this species is harvested and could be sold in China. Its collection in Chinese waters is absolutely impossible. In any case the phrase "Specimens of H. grisea were collected from Guandzhou (Guandung Province) in the South China Sea in November 2005" in this article is an example of incorrect identification.
The report of the isolation of holothurin B from Stichopus variegatus [32] is probably another example of work with biological materials that had been incorrectly identified because all the samples of this species collected in different regions of the IndoWest Pacific did not contain this type of glycoside [1, [33] [34] [35] . The taxonomic name of the animal in this article is also erroneously given as "variegates". The related problem is erroneous elucidation of glycosidic structures. In our opinion, the article cited above also describes erroneous elucidation of structures of a series of so called "variegatusides", the glycosides isolated from Stichopus variegatus [32] . This species was studied earlier [33] [34] [35] . It contains hexaosides having holostane aglycones with a 23S-O-acetate group. Nevertheless the authors wrote about the identification of the glycosides only with a 23S-hydroxy group, but they did not find the glycosides having the corresponding acetate, which seems to be impossible.
The explanation may be very simple. The isolated glycosides also contain 7(8)-or 8(9)-or 9(11)-double bonds. All known glycosides from Stichopus variegatus and related species possess only a 7(8)-double bond in a polycyclic nucleus [33] [34] [35] [36] . It is well known that such a double bond may be shifted to the 8(9)-and 9(11)-position under acidic conditions [37, 38] . It seems to be most probable that the glycosidic fraction was treated by an acid in the processing that induced desacetylation and migration of the double bonds. Moreover, the author found an unprecedented 1,3-linkage between the second and third monosaccharide residues as the result of mixing of the position of glucose and xylose residues and incorrect interpretation of the NMR data.
Another example of equivocal chemical data is a series of articles reporting the isolation of triterpene monosides from sea cucumbers. It is doubtful because the aglycones of some of these glycosides contain a 7(8),9(11)-diene system [39] , which may be easily formed after acid treatment of glycosides having a 12-oxy-9(11)-en fragment in the aglycone. Hence the obtained compounds could be any progenin, obtained by acid treatment, but not native glycosides. Thus, only careful and accurate experimental studies along with analysis of data reported in the literature can prevent incorrect chemotaxonomical conclusions. The expansion of studies of triterpene glycosides of new sea cucumber taxa and detailed chemical studies, including accurate isolation of labile compounds, will allow the use of new data concerning distribution of different glycosides and their structural diversity for improving taxonomy and systematics of these invertebrates.
